THE  LABORATORIES  OF  THE  MINISTRY  OF 

THE  ENVIRONMENT 

MANDATE:  TOWARDS  ANALYTICAL  EXCELLENCE 

As  the  analytical  arm  of  the  Ministry  of  the  Environment,  our  mandate  is  to  develop  and  maintain  state-of-the-art  environmental 
laboratories,  dedicated  to  providing  analytical  excellence  at  all  levels  of  support  for  Ontario's  environmental  protection 
programs. 

To  assist  in  achieving  our  mandate,  the  following  mission  statement  has  been  developed: 

To  develop  and  maintain  an  environmental  centre  of  excellence 

which  provides: 

*  High  quality  analytical  services,  including  isolation,  identification 
and  measurement  of  environmental  contaminants; 

*  A  Reference  Centre  for  environmental  analysis; 

*  Expert  consultation  on  environmental  analysis 

*  Research  and  development  for  methodology  enhancement/advancement. 

In  addition,  laboratory  personnel  provide  scientific  and  technical  expertise  to  other  government  agencies  and  laboratories 
around  the  world. 

HISTORY  OF  THE  MINISTRY  OF  ENVIRONMENT  LABORATORIES 


In  the  1950's  a  number  of  Ontario  visionaries  created  a 
unique  organization.  The  Ontario  Water  Resources 
Commission  (OWRC)  was  created  to  provide  the  water  and 
sewage  treatment  infrastructure  for  the  Province.  The  OWRC 
was  carved  out  of  the  Health  Department  and  developed 
around  the  Sanitary  Engineering  Branch  .  To  support  this 
embryonic  agency  a  small  laboratory  was  established,  and 
was  located  on  Richmond  Street  in  downtown  Toronto. 

In  fact,  the  building  had  the  appearance  of  a  shack  rather 
than  a  laboratory.  The  facility  handled  classical  sanitary  tests 
such  as  bacteriology,  dissolved  solids,  oxygen  demand  and 
nutrient  analyses. 

Eventually  the  OWRC  developed  an  extensive  network  of 
water  supply  and  waste  treatment  plants  that  is  still  envied 
throughout  North  America.  During  this  period,  a  fire  gutted 
the  Richmond  street  facility  and  a  new  laboratory  was 
commissioned  in  1956  at  Resources  Road  on  the  northwest 
border  of  Toronto. 

During  the  next  decade  the  questions  of  adequacy  of  sanitary 
treatment  and  the  impact  of  nutrients  on  lakes  and  streams 
were  paramount.  Heated  negotiations  on  phosphate  removal 
took  place  between  Ontario  and  the  five  States  fronting  the 
Great  Lakes.  The  laboratory  expanded  into  ecological 
monitoring  and  environmental  research,  primarily  regarding 
the  fate  and  impact  of  nutrient  sources.  Nutrient  laboratories 
were  commissioned  and  the  use  of  state-of-the-art 
autoanalyzers  was  extended  to  almost  all  wet  chemistry 
analytical  procedures.  The  challenge  was  not  only  to  automate 
but  to  measure  reliably  a  part  per  billion  of  soluble  and  total 
phosphorus. 

In  the  mid  60's  the  first  Regional  laboratory  was  set  up  as  an 
offshoot  of  the  Resources  Road  operation.  Located  first  in 
Kingsville  then  later  moved  to  London  Ontario,  the  laboratory 
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was  built  to  support  the  activities  of  the  OWRC  on  behalf  of  the  International 
Joint  Commission  (IJC),  the  body  overseeing  international  activity  in  the  areas 
of  research  and  control  of  phosphorus  in  the  Great  Lakes.  In  the  late  60' s,  the 
Ministry  experimented  with  mobile  laboratories,  by  using  30  and  40  foot  trailers 
to  perform  bacteriological  and  chemical  analyses  on  site.  In  1969,  the  second 
Regional  laboratory  was  constructed  in  Thunder  Bay.  The  purpose  of  this  new 
facility  was  to  support  Regional  abatement  activities  for  water  pollution  plants. 

During  1970,  the  OWRC  was  monitoring  the  public  press,  and  scientific  and 
technical  literature,  on  the  Minimata  pollution  problem  in  Japan.  Mercury 
became  a  household  word.  The  OWRC  laboratory  laboured  to  develop  the 
capability  for  methyl-  and  total-mercury  analysis  in  a  broad  range  of  sample 
types  including  biota.  The  laboratory  was  on  its  way  to  a  broad  trace  metal 
analytical  capability. 

In  1971  the  scientists  and  management  of  the  main  laboratory  on  Resources 
Road  were  busy  designing  the  expansion  of  the  facility.  Approximately  120,000 
square  feet  of  additional  laboratories  and  research  facilities  were  sorely  needed. 
Around  this  same  period,  the  Government  of  Ontario  made  an  historic  decision 
regarding  the  fate  of  the  OWRC.  The  Department  of  the  Environment  consisting 
of  the  air  and  waste  management  directorates  was  amalgamated  with  the 
OWRC  to  create  the  Ontario  Ministry  of  the  Environment  (MOE).  This  gave  the 
Laboratories  a  greater  expanded  role  in  the  area  of  environmental  analyses.  In 
1975  the  Resources  Road  expansion  was  completed  and 
provided  MOE  with  capabilities  in  electron  microscopy,  mass 
spectrometry,  gas  and  liquid  chromatography  and  inductively 
coupled  plasma  spectroscopy.  The  Central  Laboratory  could 
now  handle  particulates,  aquatic  samples,  air  filters,  sediments, 
soils,  terrestrial  materials  and  biota. 

Prior  to  this,  in  1973,  a  third  regional  laboratory  was 
commissioned  in  Kingston  to  support  the  field  activities  of  the 
Southeastern  Region  of  the  Ministry. 

In  the  next  decade,  the  MOE  laboratories  were  at  the  forefront 
of  environmental  analytical  work  as  they  provided  essential 
support  for  Canada/US  negotiations  under  such  programs  as 
the  long  range  transport  of  atmospheric  pollutants  (LRTAP), 
PCB  control  strategies  and  dioxin  studies.  During  this  period, 
the  Dorset  field  lab,  originally  established  to  support  the  study 
of  the  impact  of  cottage  development  on  recreational  lakes, 
grew  to  provide  a  significant  portion  of  the  analytical 
requirements  for  the  newly  established  Acid  Precipitation  in  Ontario  Study 
(APIOS) .  Now  that  successful  reductions  in  SOz  emissions  have  been  negotiated 
on  both  sides  of  the  border,  the  Dorset  laboratory  is  focusing  it's  expertise  on 
other  long  range  pollution  transport  issues. 

Currently,  an  additional  30,000  square  feet  of  laboratory  space  is  being  added 
to  the  Central  Laboratory  on  Resources  Road.  The  addition  will  enhance  the 
Central  Laboratory's  capabilities  as  one  of  the  most  modern  litigation,  mass 
spectrometry,  dioxin,  and  industrial  waste  laboratories  in  the  world. 

From  the  early  1980's  to  the  present,  the  MOE  laboratories  have  been  evolving 
to  support  a  Ministry  which  isbecoming  increasingly  more  regulatory  in  nature. 
With  a  central  complex  on  Resources  Road,  three  Regional  operations  and  field 
facilities  in  Dorset,  the  MOE  laboratories  in  the  90's  have  become  clear  leaders 
in  the  environmental  analytical  field. 

REGIONAL  LABORATORIES 

The  MOE's  three  regional  laboratories  in  London,  Thunder  Bay  and  Kingston 
were  established  in  1966,  1969  and  1973,  respectively.  The  original  objective 
was  to  provide  fast  analysis,  within  each  region,  for  perishable  routine  water 
quality  parameters. 
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Each  laboratory  included  a  chemistry  and  microbiology  section.  As  part  of  their 
function,  they  supported  the  Ministry's  water  and  sewage  treatment  plant 
operations  in  their  respective  geographical  areas.  An  additional  duty  was  to 
provide  analytical  services  for  IJC  studies  on  the  Great  Lakes.  The  Thunder  Bay, 
London,  and  Kingston  laboratories  serviced  Lake  Superior,  southern  Lake 
Huron  and  western  Lake  Erie,  and  eastern  Lake  Ontario,  respectively. 

As  the  laboratories  grew  they  began  to  develop  the  necessary  expertise  to 
specialise  in  local  programs  aimed  at  dealing  with  regional  issues.  Today 
Thunder  Bay  performs  analyses  of  metals  in  mine  effluents  and  tailings  ponds, 
monitors  pulp  mill  effluents  and  receiving  waters,  and  is  the  centre  for  pesticide, 
mercury  and  metal  analyses  in  fish  for  the  Sports  Fish  Contaminant  Program. 
London  has  developed  an  extensive  involvement,  both  chemical  and 
microbiological,  in  monitoring/ assessing  river  s  and  streams  in  highly  agricultural 
watersheds,  beach  pollution  studies  and  organics  analyses  in  the  Sarnia  Chemical 
Valley.  The  Kingston  laboratory  has  specialised  in  potable  water  analyses 
including  method  development  of  an  E-coli  specific  medium  which  greatly 
reduces  false-positive  counts,  -  a  problem  with  the  previous  method.  Regional 
laboratories  have  a  combined  permanent  staff  of  51  with  an  annual  output  of 
750,000  tests. 

SERVING  ONTARIO 

Enforcement 

The  analysis  of  samples  for  legal  action  has  become  one  of  the 
most  important  functions  of  the  Laboratory  Services  Branch 
(LSB).  Advising  field  staff  on  sample  submission  procedures  is 
an  important  part  of  our  laboratory  service.  When  required, 
analysts  also  appear  in  court  to  present  evidence  or  comment  on 
the  impact  of  the  materials  detected. 

About  4,000  litigation  samples  were  analyzed  by  the  LSB  last 
year.  While  litigation  work  accounts  for  only  a  few  percent  of  the 
annual  work  load,  extra  care  is  given  to  these  samples.  Special 
protocols  are  in  place  for  maintaining  custody,  analyzing  samples, 
reporting  results  and  presenting  evidence.  The  following  three 
cases  show  how  the  laboratory  contributes  to  the  litigation 
process. 

A  Belleville  man  was  convicted  of  burying  more  than  180  barrels 
of  toxic  waste  on  his  property.  This  waste  contaminated  the 
ground  water  and  several  wells  in  the  area.  The  accused  had  hauled  the  barrels 
from  the  Goodyear  Tire  and  Rubber  Company  plant  in  Bowmanville  between 
1972  and  1978.  Staff  from  the  laboratory's  Hazardous  Waste  Unit  analyzed  the 
contents  of  the  buried  drums  for  PCBs  and  volatile  organics.  All  of  these  complex 
samples  required  extensive  extraction  and  clean-up  work  and  several  contained 
high  levels  of  toluene,  xylenes,  dichloromethane,  trichloroethane, 
trichloroethylene  and  ethylbenzene.  Similar  chemicals  were  found  in  the 
ground  water  and  surrounding  wells.  Of  17  private  wells  tested,  14  were 
contaminated.  The  ground  water  results  were  used  to  pinpoint  the  Defendant's 
property  as  the  source  of  the  contamination.  He  was  fined  $90,000  and 
sentenced  to  15  days  in  jail. 

In  another  case,  a  Milton  waste  disposal  company  was  fined  $50,000  for 
improper  shipment  of  PCBs.  A  35,000  litre  waste  paint  solvent  shipment  from 
the  disposal  company  to  a  plant  in  Michigan  contained  PCBs  in  the  400  to  600 
ppm  range.  Materials  containing  PCBs  over  50  ppm  are  considered  PCB  waste 
and  must  be  dealt  with  accordingly. 
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The  Hon.  Ruth  Grier,  Minister  of  the  Environment, 
with  Walter  Cook  at  the  London  laboratory. 
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PCBs  were  also  a  problem  for  a  Belleville  chemical  company  which  was  fined 
$100,000  after  being  convicted  of  offenses  involving  air  pollution,  water  pollution 
and  improper  storage  of  hazardous  material.  The  water  and  air  pollution 
charges  arose  from  a  spill  of  phenol  compounds  into  Lake  Ontario  and  from 
burning  waste  phenols. 
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The  improper  storage  of  hazardous  material  charge  came  as 
a  result  of  the  Hazardous  Waste  Unit  confirming  the  presence 
of  PCBs  at  elevated  levels. 

These  cases  show  how  the  MOE  LSB  supports  litigation 
activities.  Whether  the  samples  contain  PCBs,  cement  dust, 
plating  waste  or  effluent  from  a  piggery,  the  Laboratory  has 
the  analytical  instrumentation  and  know-how  to  analyze  all 
types  of  environmental  samples  to  the  exacting  standards 
required  by  the  courts. 

Stopping  water  pollution  at  the  pipe 

The  Municipal  and  Industrial  Strategy  for  Abatement  (MISA) 
was  announced  by  the  Minister  in  June,  1986.  MISA  is  the 
cornerstone  program  to  implement  MOE's  "virtual 
elimination"  of  persistent,  toxic  pollutants  in  our  waterways. 
This  represented  a  major  change  from  the  previous  approach  whereby  a  limited 
number  of  conventional  pollutants  were  regulated. 

Under  MISA,  toxic  contaminants  from  each  discharger  will  be  controlled  according 
to  the  best  pollution  abatement  technology  economically  available  (BATEA). 
Contaminant  limits  may  be  reduced  if  needed  to  protect  local  water  quality  in 
more  sensitive  waterways. 

Monitoring  regulations  have  been  in  force  since  October  1988.  They  require 
industries  that  discharge  directly  to  a  water  course  to  characterize  their  effluents 
by  sampling  and  analyzing  each  discharge  stream.  All  results  are  reported  to  the 
Ministry.  The  resulting  data  base  serves  to  determine  which  pollutants  are  being 
discharged  in  significant  amounts  and  will  be  used  to  set  discharge  limits. 

The  LSB  has  taken  an  active  part  in  the  MISA  programme  by  providing  expertise 
in  sampling  and  analysis,  developing  QA/QC  requirements  for  the  monitoring 
regulations,  visiting  plant  sites  and  their  laboratories,  setting  up  a  laboratory 
inspection  programme  and  by  analyzing  audit  samples  collected  by  field  staff. 

Laboratory  staff  were  instrumental  in  developing  the  Effluent  Monitoring 
Priority  Pollutant  List  (EMPPL)  based  on  compounds  found  in  pre-monitoring 
analyses  at  each  plant  site,  the  EPA  priority  pollutant  list,  and  the  inventory  of 
chemicals  produced  and /or  used  in  Ontario.  Over  260  compounds  are  listed,  of 
which  over  50%  are  being  monitored  under  the  present  regulations.  The 
remaining  compounds  will  be  added  as  methods  are  developed  for  their 
analysis. 

Laboratory  staff  were  also  involved  in  developing  the  sampling  component  of 
the  regulations,  specifying  the  methodology  to  be  followed,  and  in  implementing 
stringent  quality  control  procedures. 


A  major  departure  from  the  approach  taken  by  other 
regulatory  agencies  such  as  the  US  EPA,  was  in  the  regulation 
of  analytical  methods  that  must  be  used  for  MISA  samples. 
Instead  of  demanding  specific  methods  to  be  followed,  LSB 
chose  to  specify  method  and  instrumental  measurement 
principles  which  must  be  adhered  to.  This  gave  laboratories 
some  flexibility  in  selecting  specific  analytical  methods,  thus 
reducing  arbitrary  instrumental  restrictions  "cast  in  stone" 
that  cannot  be  easily  modified  in  a  regulatory  context.  A 
large  effort  was  made  by  all  LSB  staff  to  modify  methods  to 
comply  with  the  regulatory  ones  and  to  ensure  that  all 
methods  were  fully  documented. 

Quality  Assurance  office  staff  have  provided  assistance  in 
the  assessment  of  the  field  quality  control  and  monitoring 
data  and  their  impact  on  the  selection  of  analytes  to  be 
regulated. 
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Of  special  concern  are  low  level  data  near  the  detection  limits:  how  "real"  are 
these  data  and  how  low  can  limits  be  set? 


Another  important  role  of  the  QA  office  is  to  inspect  laboratories  that  do  MISA 
work.  Laboratory  audit  teams  have  now  inspected  120  laboratories,  both 
commercial  and  industrial.  The  inspections  focused  on  compliance  with  the 
regulations  in  all  areas.  The  inspection  reports  included  good  laboratory  practice 
recommendations  and  compliance  issues  for  implementation  by  the  lab  in 
question. 

Under  the  regulations  the  lab  inspections  will  be  revamped  to  emphasize  data 
quality  which  will  be  of  concern  in  a  compliance  context. 

Industrial  plant  sites  were  required  to  identify  laboratories  and  specify  methods 
to  be  used  under  MISA  in  reports  which  were  reviewed  by  LSB  staff  to  ensure 
compliance.  This  was  followed  by  plant  site  inspections  during  the  initial  phases 
of  each  monitoring  regulation  to  verify  correctness  of  the  initial  reports.  LSB  staff 
also  advised  industrial  laboratories  on  analytical  and  sampling  requirements, 
especially  in  regards  to  QC. 

Clean  Drinking  Water 

Clean  drinking  water  is  a  vital  resource  that  must  be  vigorously  protected.  This 
is  a  top  priority  task  of  MOE  -  but  not  an  easy  one  since  over  800  contaminants 
have  been  detected  in  water  from  the  Great  Lakes'  Basin.  A  growing  anxiety  has 
contributed  to  a  $100  million  annual  spending  on  bottled  water 
and  home  treatment  devices  in  Ontario  alone. 

Since  1985  the  MOE  has  been  monitoring  drinking  water  supplies 
throughout  Ontario  under  its  Drinking  Water  Surveillance  Program 
(DWSP).  DWSP  is  administered  through  the  Water  Resources 
Branch,  while  the  Laboratory  Services  Branch  provides  analytical 
support. 

Analysis  for  180  chemicals  addresses  current  Ontario  Drinking 
Water  Objectives,  ODWO.  Results  from  the  program  are  used  to 
identify  contaminants  and  monitor  trends.  Data  are  supplied  to 
epidemiologists,  universities  carrying  out  research  into  the  effects 
of  drinking  water  on  human  health,  private  consultants, 
municipalities  and  the  Ontario  public. 

Seventy  municipal  water  supplies,  covering  nearly  80%  of  the 
7,500,000  people  in  Ontario  receiving  water  from  piped  municipal 
systems,  were  included  in  1989-90.  In  1991,  over  80  water  treatment  facilities  are 
monitored  in  DWSP,  including  all  major  population  centres.  Additional  locations 
are  added  to  the  list  each  year.  Eventually,  DWSP  will  include  all  486  Ontario 
municipal  water  systems. 

The  very  high  quality  of  Ontario's  drinking  water  is  borne  out  by  the  DWSP 
monitoring  data.  According  to  the  1989  annual  report,  none  of  the  drinking  water 
samples  tested  for  organics  exceeded  any  health-related  guidelines.  Only  2%  of 
the  samples  tested  showed  any  trace  of  organic  contaminants.  Those  that  did 
contained  mostly  volatile  compounds,  essentially  chlorinated  and  hydrocarbon 
industrial  solvents.  Typically  they  include  1,1-dichloroethane,  1,1,1- 
trichloroethane,  tetrachloroethylene  and  various  aromatic  solvents  such  as 
benzene  and  toluene.  Agricultural  pesticides,  mainly  triazine-type  herbicides, 
were  detected  at  low  levels  in  selected  locations  on  a  seasonal  basis.  Of  the  other 
organics  monitored,  chloroaromatics,  chlorophenols  and  polyaromatic 
hydrocarbons  were  detected  at  a  very  low  levels,  and  quite  infrequently. 

Since  the  concentrations  of  these  compounds  are  generally  found  at  the  parts- 
per-trillion  levels,  their  determination  presented  considerable  challenges  for  our 
analysts.  In  this  concentration  area  we  are  essentially  working  near  the  limit  of 
detection  of  the  currently  available  analytical  instrumentation.  A  "positive" 
result  might  well  be  due  to  instrumental  instability  or  other  laboratory  artifacts. 
Thus,  taken  singly,  the  "positive"  is  a  statistical  event. 
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Some  of  the  laboratory  staff  involved  in  performing 
DWSP  analysis. 
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On  the  other  hand,  a  sequence  of  these  values  over  a  period 
of  time,  will  establish  a  "true"  concentration.  In  general 
terms,  these  results  are  reported  in  annual  reports  for  stati  stical 
purposes  to  make  trend  analysis  in  water  quality  possible. 

Dioxins 

Focus  on  the  chlorinated  dioxins,  especially  in  the  public 
forum,  has  intensified  over  the  past  20  years.  The  attention 
is  primarily  a  consequence  of  several  incidents  of 
environmental  contamination  throughout  the  world.  The 
chlorodibenzo-p-dioxins  are  a  group  of  75  compounds 
containing  1  to  8  chlorines  on  a  basic  structure  of  carbon, 
hydrogen,  and  oxygen  molecules.  Chlorodibenzofurans  are 
a  group  of  135  compounds  which  are  structurally  similar  to 
the  dioxins.  One  of  these  compounds,  the  2,3,7,8 
tetrachlorodibenzo-p-dioxin,  or  TCDD,  was  the  focus  of 
scientific  attention  for  many  years.  It  is  now  known  that  all 
the  dioxins  and  the  related  group  of  compounds  known  as  furans,  that  have 
chlorine  atoms  at  the  same  positions  as  TCDD,  are  of  concern. 

Sources  of  dioxins  and  furans  include  the  incineration  of  municipal  and  industrial 
waste  and  other  combustion  sources,  such  as  tire  fires.  Some  chemical 
manufacturing  and  bleaching  processes  also  produce  dioxins  and  furans  as 
byproducts. 

Current  methods  for  the  analysis  of  dioxins  and  related  compounds  use  the 
technique  of  gas  chromatography/ mass  spectrometry.  This  allows  detection  of 
all  dioxins  and  furans  as  low  as  parts  per  quadrillion  in  drinking  water. 
Selective  chemical  cleanup  methods  are  an  integral  part  of  the  analytical  process 
as  they  remove  interfering  substances  present  at  concentrations  up  to  thousands 
of  times  greater  than  the  dioxins  and  furans.  Because  of  the  lengthy  and  complex 
methods  needed  for  this  determination,  LSB's  Dioxin  Laboratory  process  fewer 
than  1000  samples  a  year.  Commercial  laboratories  charge  about  $1,000.00  per 
sample  for  dioxin  analysis. 

A  recent  environmental  emergency  utilising  much  of  the  Dioxin  Laboratory's 
resources  was  the  massive  tire  fire  located  in  Hagersville,  Ontario.  Over  thirteen 
million  tires  were  involved  in  the  blaze.  Local  ground  water,  ambient  air, 
vegetation,  oil  run-off,  soil  and  ash  were  all  analyzed  for  dioxins  and  furans, 
which  were  produced  as  byproducts  of  the  combustion  of  chlorinated  aromatics 
within  the  tires  themselves. 

Earlier  studies  involving  pollution  from  a  chemical  "blob"  leaked  into  the  St.  Clair 
River  by  industry,  dioxins  and  furans  in  Ontario  foods,  toxic  pollutants  leaking 
into  the  Niagara  River  from  old  chemical  dumps,  and  other  incidents  of  dioxin 
pollution  all  received  prominent  coverage  on  radio,  television,  and  in  newspapers. 
Other  agencies  often  request  assistance  from  MOE's  Dioxin  Laboratory.  For 
example,  samples  were  analyzed  for  Environment  Quebec  during  the  Ste. 

Basille-le-Grande  PCB  fire  emergency.  All  of  this  work  has 
allowed  MOE's  Dioxin  Laboratory  to  gain  an  international 
reputation  for  excellence,  and  in  1989  MOE  hosted  the  world 
when  staff  organized  the  International  Dioxin  Conference. 

AIMING  FOR  QUALITY 

o  Suitability  of  fish  for  human  consumption, 
o  removal  of  waste  from  an  illegal  land  fill  site, 
o  international  negotiations  on  reductions  of  S02. 

What  do  these  multi-million  dollar  decisions  require? 
The  answer  is:  precise,  accurate  data  -  and  lots  of  them! 


With  an  analytical  mandate  that  covers  as  complex  and 
diverse  a  topic  as  the  environment,  the  MOE  laboratories  are 
committed  to  the  delivery  of  the  highest  quality  information 
and  continuous  improvement  in  all  services  offered. 
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The  MOE  is  involved  with  local,  provincial,  national  and  international  programs, 
agencies  and  regulatory  bodies;  all  depending  on  MOE's  vital  lab  resources. 


Our  strong  and  long  ties  with  high  profile  monitoring  programs  such  as  APIOS, 
LRTAP,  IJC,  Fish  Contaminants  and  Drinking  Water  programs  have  driven  our 
Quality  Management  (QM)  activities  resulting  in  the  emergence  of  a  truly 
"Market  Driven",  "Client  Oriented"  service. 

The  central  QM  office  is  located  at  the  Central  Laboratory.  An  energetic  staff  of 
five  scientists  and  technicians  provide  QM  planning,  guidance,  referral  and  day- 
to-day  support  to  the  Central  Laboratory,  the  Regional  Laboratories  and  for  the 
private  and  industrial  Laboratory  community-at-large. 

A  principal  tool  for  the  assessment  of  laboratory  performance  is  auditing.  QM 
office  staff  design,  formulate,  distribute,  and  provide  data  evaluation  for  blind 
audit  samples  developed  for  MOE  use.  Data,  follow-up  and  corrective  actions 
are  evaluated  in  consultation  with  bench  staff  and  management.  In  addition, 
interlaboratory  studies  are  developed  for  external  round  robins  with  government 
(federal  and  provincial),  private  and  industrial  laboratories  both  nationally  and 
internationally.  The  main  objective  is  performance  evaluation  and  monitoring  as 
a  component  of  environmental  regulations,  with  the  spin-off  benefit  of  individual 
laboratory  performance  enhancement. 


Coordination  of  system  audits  and  document  control  for  all  MOE 
laboratories  is  another  QM  office  activity.  This  includes  the 
application  of  on-line  method/procedureaudits  prior  to  acceptance 
of  methods.  Our  client  service  activity  in  methods  distribution 
and  update  is  into  a  new  area  with  the  development  of  a 
computerized,  PC-based  Bulletin  Board  Service  (BBS).  This  new 
dial  up  service  is  expected  to  be  on-line  later  this  year. 

The  MOE  laboratories  are  also  active  participants  in  the  Canadian 
Association  of  Environmental  Analytical  Laboratories  (CAEAL). 
CAEAL  is  a  third  party  accreditation  body  sponsored  and 
supported  by  the  private  sector,  and  from  several  provincial  and 
federal  governments.  There  are  currently  about  250  members  in 
CAEAL,  and  the  first  certifications  for  water  chemistry  and 
metals  analysis  were  awarded  in  June,  1991. 
LSB  received  full  certification  for  all  19  water  chemistry  and 
inorganic  tests  currently  offered.  Ministry  laboratories  are  also 
involved  with  certification  activities  through  support  and 
promotion  of  CAEAL. 


A  NEEDLE  IN  A  HAYSTACK 

o  The  vanishing  zero. 

o  Multi-media  standard  setting. 

o  Virtual  elimination  of  toxins  from  Ontario  waterways. 

o  The  Clean  Air  Program. 
What  do  all  of  these  have  in  common?  They  all  need  precise,  accurate,  low-level 
data.  In  addition,  environmental  samples  can  usually  be  characterized  by  a 
single  word  -  complex. 

To  stay  on  top  of  things  necessitates  an  ongoing  Research  and  Development 
(R&D)  effort. 

But  what  is  R&D?  To  many,  R&D  conjures  up  images  of  the  mad  scientist  or  the 
aloof  intellectual.  Nothing  could  be  further  from  the  truth.  Many  staff,  from 
entry-level  technicians  to  senior  scientists,  contribute  to  the  Ministry  Laboratories' 
R&D  effort.  Because  we  must  deal  with  real- world  problems  and  environmental 
emergencies  on  a  daily  basis,  much  of  our  work  stresses  the  "D"  in  R&D.  Thus, 
every  little  improvement  to  a  method  contributes  to  the  overall  R&D  effort.  Of 
course,  some  projects  are  higher-profile  than  others,  and  therefore  get  more 
attention  in  the  scientific  community.  Many  scientific  publications  and  conference 
presentations  have  resulted  from  the  Ministry's  research  efforts  over  the  years, 
and  some  of  our  scientists  have  achieved  world-wide  recognition  for  their  work. 


Client 
Oriented 
Service 


Quality  Management  Office  staff 
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Case 
Studies 


Research  &  Development  Committee  members 


Superior 
Methodology 


How  R&D  enhances  the  work  of  the  Ministry  of  the  Environment  is  best 
illustrated  by  a  few  case  studies. 

In  1987,  a  significant  effort  was  spent  in  developing  new  sampling  methods  for 
large-volume  water  samples  for  dioxin  analysis.  Because  of  its  high  toxicity  in 
laboratory  animal  studies,  detection  limits  for  dioxin  in  water  lower  than  one 
part-per-trillion  were  needed.  For  drinking  water,  detection  limits  of  parts-per- 
quadrillion  were  required! 

A  new  sampling  device  designed  and  built  by  the  Federal  Government,  the 
Aqueous  Phase  Liquid  Extractor  (APLE),  was  tested.  It  extracted  up  to  200  litres 
of  centrifuged  water  by  continuously  circulating  solvent  through  the  water  over 
a  period  of  a  few  hours.  With  such  large  sample  sizes,  our  current  instrumentation 
could  easily  meet  the  detection  limits. 

To  test  this  device,  it  was  loaded  on  a  boat  and  taken  to  the  U.S.  side  of  the 
Niagara  River  to  a  site  where  high  levels  of  dioxins  had  been  previously  found 
in  fish  from  the  area.  Our  work  found  the  highest  levels  of  dioxins  ever  reported 
for  surface  water.  Also,  we  found  that  over  90%  of  the  dioxins  were  trapped 
onto  suspended  particulates  rather  than  being  dissolved  in  the  water.  It  was 
obvious  that  the  dioxins  must  have  originated  from  old  chemical  dump  sites 
known  to  be  in  the  area  that  were  now  leaking  toxins  into  the  Niagara  River.  The 
Minister  of  the  Environment  was  able  to  effectively  use  these  data  to  show  why 
the  dumps  had  to  be  excavated.  A  simple  R&D  study  designed  to  test  a  new 
sampling  device  resulted  in  a  major  environmental  victory! 


A  large  part  of  our  R&D  effort  is  spent  on  investigating  the 
improvement  and  use  of  sophisticated,  expensive 
instrumentation. 

One  of  the  most  versatile  and  sensitive  instruments  available 
for  trace  metal  determinations  is  the  Inductively  Coupled 
Plasma  Spectrometer  (ICP).  When  a  new,  state-of-the-art 
ICP  was  purchased  by  LSB  in  1979,  it  was  considered  a  big 
advance  in  trace  metal  analysis.  Unfortunately,  it  took  three 
days  of  manual  data  processing  to  analyze  the  information 
from  only  one  day  of  operation.  The  R&D  task  was  to  design 
and  build  a  computing  system  (hardware  and  software) 
that  could  control  all  aspects  of  instrument  operation  and 
data  analysis.  The  system  developed  by  LSB  staff  was  the 
first  of  its  kind  in  the  world,  and  resulted  in  a  300%  increase 
in  productivity. 


Remember  mercury  in  fish?  It  wasn't  very  long  ago  that  this  topic  erupted  as 
the  major  environmental  issue  facing  Ontario.  A  multitude  of  methods  for 
measuring  mercury  in  fish  were  reported  -  many  giving  highly  variable  results. 
A  well-tested,  validated,  and  rugged  method  was  desperately  needed.  Staff  of 
the  LSB  took  a  lead  role  in  developing  valid  methodology  for  this  difficult 
determination.  Armed  with  superior  methodology  and  a  well-trained,  dedicated 
staff,  the  LSB  developed  the  most  comprehensive  data  base  anywhere  for 
mercury  in  Great  Lakes  fish.  Mercury  levels  in  sports  fish  are  still  routinely 
measured  to  advise  Ontarians  of  the  safe  fish  consumption  amounts. 

An  issue  that  is  still  in  the  news  resulted  from  the  discovery  of  N- 
nitrosodimethylamine  (NDMA)  in  a  sample  of  drinking  water  from  Elmira 
during  routine  monitoring  under  the  Drinking  Water  Surveillance  Program 
(DWSP).  At  the  same  time  as  emergency  programs  were  put  in  place  to  monitor 
for  NDMA,  sample  preparation  and  analysis  methods  were  developed  to 
achieve  much  lower  detection  limits  than  had  been  previously  reported.  When 
an  interim  guideline  of  9  parts-per-trillion  NDMA  in  drinking  water  was 
established,  the  new  analytical  method  was  shown  to  produce  reliable  data  to 
a  detection  limit  of  5  parts-per-trillion.  A  team  R&D  effort  (and  lots  of  overtime) 
resulted  in  development  of  a  method  for  NDMA  that  has  a  performance 
unmatched  by  any  other  laboratory  in  the  Province. 
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Currently,  the  staff  of  LSB  are  considering  ways  of  enhancing  the  R&D  component 
of  our  work.  Mechanisms  such  as  recruiting  Postdoctoral  Fellows,  use  of  visiting 
scientists,  and  regular  monitoring  of  activities  by  an  R&D  Committee  are  all 
being  explored.  The  Committee  members  would  love  to  discuss  these  activities 
with  other  ALC Ministries  and  will  be  using  the  Scientific  Achievement  Standing 
Committee  of  the  Analytical  Laboratories  Council  as  a  forum.  (Serge  Villard,  A/ 
Director,  Laboratory  Services  Branch,  MOE  is  the  1991  Chair  of  the  Committee). 
They  also  welcome  direct  enquiries,  especially  with  regard  to  ways  in  which  we 
can  work  together  to  enhance  analytical  methods  research  in  the  Ontario  Public 
Service?  Why  don't  you  give  one  of  the  Committee  members  a  call?  (Their  names 
are  listed  in  the  corresponding  photograph  caption). 

LIMS  -  THE  NEXT  GENERATION 

At  a  fundamental  level,  the  Ministry  of  the  Environment  laboratories  transform 
samples  into  information.  Therefore,  information  is  the  laboratories'  prime 
product.  The  efficient,  effective  management  of  information  is  crucial  to  the 
successful  pursuit  of  the  laboratories'  mandate.  The  Ministry  collects  data 
through  its  own  routine  sampling  programs  and  from  other  Ministries,  from 
public  complaints  and  from  the  Scientific  Community  at  large.  It  creates 
information  in  the  laboratories  by  analyzing  the  samples  collected. 

As  early  as  1970,  laboratory  staff  recognized  the  benefits  of  an  automated 
operational  information  system  to  facilitate  the  capture,  analysis  and  distribution 
of  laboratory  information.  Eight  years  in  design,  the  core  Laboratory  Information 
System  (LIS)  was  finally  delivered  in  1978.  It  took  over  two  more  years  of 
growing  pains  to  develop  the  software  application  to  the  point  of  full 
implementation.  By  early  1981,  the  Central  Laboratory  had  one  of  the  first 
laboratory  information  systems  in  Canada.  Over  the  past  10  years,  the  LIS  has 
been  further  developed  and  implemented  in  Thunder  Bay  and  Dorset.  Currently 
there  is  no  LIS  capability  in  either  the  London  or  Kingston  Laboratories. 

The  Ministry  operates  one  Central  laboratory,  three  Regional  laboratories  and 
contracts  work  with  several  private  laboratories.  The  yearly  test  load  of  these 
laboratories  is  approaching  3  million,  and  this  will  increase  in  the  next  four  to  five 
years  to  address  new  Ministry  Programs.  On  a  daily  basis,  up  to  75,000  lab 
samples  and  60,000  field  samples  are  resident  in  the  current  system. 

The  LIS  is  the  backbone  of  the  laboratory's  operation.  Once  samples  are  received 
and  the  information  entered  into  the  system,  lab  technicians  use  the  LIS  to 
determine  what  tests  to  perform.  Completed  analytical  data  is  fed  back  to  the 
LIS.  Final  reports  are  provided  to  clients  automatically,  as  are  management 
reports.  One  of  the  most  important  applications  in  the  OS  is  Direct  Computer 
Input  (DCI).  Data  from  analytical  equipment  is  transferred  electronically 
directly  to  the  LIS.  In  total,  for  the  Central  Laboratory,  about  70%  of  results  are 
registered  using  DCI. 

Despite  all  the  progress  achieved  to  date,  the  MOE  Laboratories  have  reached  a 
major  juncture  in  the  life  of  the  OS  system.  At  peak  load  the  work  now  exceeds 
the  system  operating  capacity  and  large  workload  increases  are  expected. 
Functionality  enhancements  are  needed  that  involve  major  and  fundamental 
changes  to  the  software.  Today's  reporting  requirements  are  becoming  more 
stringent  and  accommodating  them  is  difficult  or  impossible  given  the  existing 
database  and  tools.  The  current  system,  once  state-of-the-art,  now  compares 
unfavourably  in  terms  of  its  ability  to  respond  to  problems,  capitalize  on 
opportunities,  adapt  to  change,  maximize  staff  effectiveness  and  minimize 
overall  costs. 


R&D 
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Laboratory 
Information 
Management 

for  the 
21st  Century 


A  Laboratory  Information  Management  System  (LEVIS)  for  the  21st  century  will 
require  full  workload  management  and  reporting,  the  provision  of  improved 
quality  of  product,  more  versatility  and  flexibility  for  ease  of  change,  more  user 
friendliness,  implementation  and  more  processing  capability  for  all  Regions, 
connectivity  to  new  laboratory  instruments  and  remote  computers  and  databases, 
and  improved  client  service. 
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This  need  for  an  enhanced  information  handling  system  prompted  the  MOE  to 
commission  a  major  study  to  assess  the  feasibility  of  alternatives  to  the  present 
LIS.  The  scope  of  the  project  outlined  the  business  functions  that  are  included, 
the  areas  of  the  organization  that  will  be  affected  by  change,  and  the  technology 
to  be  studied. 


LIMS 
Design 
for 
MOE 


Approval  has  been  received  to  proceed  with  the  acquisition  of  a  new  LIMS  for 
the  MOE  Laboratories.  Much  needs  to  be  done  in  the  design,  purchase, 
implementation  and  deployment  of  such  a  system. 

It  is  expected  that  it  will  take  2  to  3  years  to  complete  this  task,  after  which  time 
the  following  benefits  will  be  realized: 

o  improved  staff  productivity  in  all  laboratories; 

o  improved  data  capture  and  transfer  to  corporate  database; 

o  improved  private  laboratory  data  management; 

o  improved  data  quality  with  automated  quality  control; 

o  improved  data  access  and  utilization  of  test  results; 

o  faster  response  to  environmental  crises. 


The  new  LIMS  will  be  a  relational  database  management  system  running  on 
distributed  hardware  and  software,  mini-computer  based,  and  of  adequate  size 
to  handle  projected  processing  and  workload  increases.  The  continuing  use  of 
bar  coding  technology  for  managing  samples  will  also  be  included,  and  the 
system  will  have  some  form  of  archival  data  management. 


The  friendly  faces  of  Sam-pie  Reception 
&  Data  Entry  staff 


Commitment  to 

Supporting 
Environmental 
Integrity 


Currently,  field  samplers  must  write  up  detailed  sample 
submission  forms.  In  the  proposed  system,  pre-filled  forms 
with  attached  bar  coded  labels  will  be  prepared  in  advance 
for  cyclical  sampling  programs  and  samplers  need  only 
transfer  the  labels  to  their  samples.  Once  fully  implemented 
savings  will  allow  growth  by  50%  or  more  with  the  same 
data  entry  and  sample  reception  staff.  However,  the  largest 
benefit  accrues  in  the  field  where  at  the  present  levels  (about 
250  submission  per  week,  nearly  3  million  tests  per  year),  a 
10  minute  saving  per  submission  is  the  equivalent  of  400 
hours  of  work  every  week. 

The  proposed  system  will  reduce  laborious  tasks  such  as 
keying  in  test  results  for  analysis  and  lengthy  searching  of 
historical  test  results  through  hard  copy  and  microfiche.  It 
will  enable  personnel  to  use  modern  technology  to  better 
perform  their  tasks.  The  proposed  system  will  also  provide 
quicker  results  reporting,  better  quality  of  results,  sharing  of  methodology  and 
the  ability  to  meet  special  client  needs.  As  well,  the  system  will  notify  clients  of 
changes  in  method,  units  of  measure,  and  other  "support  file"  information  that 
apply  to  their  results.  Timely  data,  more  flexible  software,  and  reserve  system 
capacity  will  permit  the  laboratories  to  take  on  new  programs  with  a  minimum 
of  delay  and  expense. 

A  major  step  forward  is  being  taken  by  the  MOE  Laboratories.  The 
implementation  of  the  new  system  requires  careful  consideration  of  current 
technology,  the  opportunities  for  growth,  the  Ministry  mission  and  the  kinds  of 
solution  that  will  solve  today's  problems  and  lay  the  groundwork  for  a  new 
system  that  can  serve  the  laboratories  for  many  years  into  the  future. 


TO  BOLDLY  GO  WHERE  NO  LABS  HAVE  GONE  BEFORE  ! 


The  inner  workings  of  a  large  laboratory  operation  that  bridges  so  many 
disciplines  and  provides  such  a  multitude  of  varied  technical  services  are  by 
nature  complex.  We  hope  this  article  has  provided  a  reflection  of  our  staff's 
commitment  to  the  understanding,  protection  and  improvement  of  the 
environment  of  Ontario. 
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